renatal diagnosis is crucial for providing the parents with an option to terminate the pregnancy, planning treatment methods post birth, and counseling the subsequent pregnancy. The screening and diagnosis of fetal aneuploidy in pregnancies may be performed using non-invasive as well as invasive procedures. The non-invasive screening tests include the first trimester combined tests (maternal age, serum free beta-human chorionic gonadotropin, pregnancy-associated plasma protein-A, and fetal nuchal translucency), the second trimester screening tests (alpha-fetoprotein, human chorionic gonadotropin, and estriol and/or inhibin A), and the analysis of cell-free DNA in the maternal blood, a method which has become widespread nowadays. 1, 2 The invasive procedures for prenatal diagnosis include amniocentesis, chorionic villus sampling (CVS), and cordocentesis. CVS A AB BS ST TR RA AC CT T O Ob bj je ec ct ti iv ve e: : The present study aimed at evaluating and improving the knowledge regarding prenatal test indications by assessing the results of the invasive prenatal tests for the detection of fetal chromosomal anomalies conducted in our tertiary center. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: : A retrospective study was conducted to collect the results of prenatal invasive procedures performed in our tertiary center between January 2002-September 2017. The types and prevalence of fetal chromosomal anomalies were identified and the efficiency of the invasive procedure indications in predicting these fetal chromosomal anomalies was investigated. R Re es su ul lt ts s: : The results of 2136 invasive procedures (2014 amniocentesis, 80 cordocentesis, and 42 chorion villus samplings) revealed 101 (4.72%) fetal chromosomal anomalies and 128 (5.99%) chromosomal polymorphisms. The most common chromosomal anomaly observed was trisomy 21 (n=52), followed by trisomy 18 (n=12). In terms of diagnosis of the fetal chromosomal anomalies, the following observations were made: the indication "major structural anomaly in the ultrasound (USG)" exhibited 31.68% sensitivity and 82.03% specificity with an odds ratio (OR) of 2.11 (95% CI: 1.37-3.27); the indication "screening test positivity" exhibited 44.55% sensitivity and 48.25% specificity [OR=0.75 (95% CI: 0.50-1.13)]; and the co-existence of "major structural anomaly in the USG" and "screening test positivity" exhibited 8.91% sensitivity and 98.24% specificity [OR=5.49 (95% CI: 2.54-11.84)]. C Co on nc cl lu us si io on n: : Fetal chromosomal anomaly rate was observed to be 4.72%. The co-existence of a sonographic major fetal structural anomaly and serum screening test positivity was observed to maximize the risk of numerical as well as a structural chromosomal anomaly. The data from the present study which reflected screening performances of detailed USG and biochemical screening tests for the detection of fetal chromosomal anomalies may be useful for clinicians while performing detailed counseling of patients. docentesis is performed at more advanced weeks of gestation. 3 Among the aforementioned invasive procedures, CVS is a valuable diagnostic method as it allows diagnosis in early weeks of gestation, and also, it is possible to perform chromosomal analysis post this procedure through direct evaluation of the metaphase-stage cells present in the sample. 4 The invasive procedure indications include a previous history of pregnancy with the chromosomal anomaly, abnormal prenatal screening test results, abnormal findings in ultrasonography (USG), and previously diagnosed maternal or paternal chromosomal anomalies. 5 Subsequent to the detection of a risk factor for the fetal chromosomal anomaly, detailed counseling is required. Genetic counseling provides a clear understanding of prior risk assessment for fetal genetic pathology and fetal outcome, which allow the parents an informed choice regarding the invasive prenatal tests. 6 Developments in the USG technology have enabled better diagnosis of the fetal structural anomalies and soft markers associated with chromosomal anomalies in the early weeks of gestation. 7, 8 It has been reported that the combination of the first and second trimester detailed USG evaluation was able to identify the major structural anomalies with a detection rate of 95%. In congruence with the advancements in the USG technology, the developments in the fields of cytogenetics and molecular biology have provided an understanding of the genetic basis of several of these structural anomalies. Improvements in prenatal diagnostic technologies have been followed by the requirement of a detailed explanation of the advantages and disadvantages of the novel techniques. 9 For example, chromosomal microarray technique is able to identify deletions or duplications in 1.7% of the cases with positive genetic screening who otherwise exhibit a normal classic karyotype. Therefore, it is important to recommend and use the most appropriate diagnostic test to detect a fetal genetic pathology. 6 Faculty of Medicine, Trakya University, is the only center that provides the option of performing invasive prenatal tests in the Thrace Region. The present study was aimed at identifying the prevalence of fetal chromosomal anomalies in the Thrace region by evaluating the results of invasive prenatal tests performed in our clinic between January, 2002 and September, 2017, as well as identifying the correlation between the diagnosed fetal chromosomal anomalies and the invasive prenatal test indications. The present study was designed as a retrospective investigation in order to present the regional data and evaluate and improve the knowledge regarding the matter from this perspective. The data from the present study may be able to assist the clinicians in providing detailed counseling to the prospective patients detected with a risk of fetal chromosomal anomaly regarding making a choice for or against the invasive procedures. Additionally, the findings of the present study may contribute to reducing anxiety in such parents.
MATERIAL AND METHODS
The present retrospective study evaluated the results of invasive prenatal tests performed at the Department of Obstetrics and Gynecology, Faculty of Medicine, Trakya University, between January 2002 and September 2017. Ethical approval for the study was obtained from the Ethics Committee, Trakya University (Ethics Committee protocol code: 2017/307, 2017). The study was conducted in accordance with the Helsinki declaration.
The results of 2136 invasive prenatal tests were evaluated, and pregnant women whose invasive procedure results indicated numerical or structural fetal chromosomal anomalies were identified. The fetal chromosomal anomaly rate among pregnant women who underwent invasive procedures in our center was calculated. The invasive procedure indications included a high risk identified in screening tests (threshold values: 1/270 for the first trimester combined and quad test, and 1/300 for the triple test), and a minimum of two soft markers or one major structural anomaly identified in USG. Soft markers in the fetus included a short femur/humerus, choroid plexus cyst, echogenic cardiac focus, hyperechogenic bowel, renal pyelectasis, hypoplastic nasal bone, and single umbilical artery. Major structural anomalies included serious defects, such as omphalocele, cystic hy-groma, megacystis, renal agenesis, extremity anomalies except the isolated short humerus/femur condition, major cardiac anomalies (ventricular septal defect, atrioventricular septal defect, cardiac output and four chamber anomalies, etc.), and intracranial anomalies (holoprosencephaly, ventriculomegaly, posterior fossa anomalies, etc.). In addition to the aforementioned indications, a few indications such as advanced maternal age (AMA), previous history of pregnancy with the chromosomal anomaly, maternal or paternal chromosomal diseases, and maternal anxiety were categorized as "other indications". The patients who refused the recommended invasive procedures, the pregnancies that were terminated without invasive procedures due to complex major anomalies, and the pregnancies for which no records could be obtained were excluded from the present study.
In the present study, fetal USG was performed at 11 th -14 th weeks and at 18 th -22 nd weeks of gestation. The USG was performed using Voluson 730 Expert (GE Healthcare, Milwaukee, WI, USA) and Voluson E6 (GE Healthcare, Zipf, Austria) USG equipment. CVS was performed at 11 th -14 th weeks of gestation by performing aspiration of the chorionic villous tissue from a suitable placental area using a 20-gauge CVS needle. Amniocentesis was performed at 16 th -22 nd weeks of gestation using a 22-gauge spinal needle. In the amniocentesis, the procedure, 2 mL of amniotic fluid was taken out initially and removed, as this fluid has maternal contamination. Subsequently, 20 mL of amniotic fluid was obtained for genetic analysis. Cordocentesis was performed using an 18-gauge spinal needle for the aspiration of approximately 3 mL of blood from the umbilical vein present at the location where the fetal cord enters placenta. Fetal blood was placed in heparin-containing vacutainers and sent to the genetics laboratory. The skin of the parents undergoing the tests was disinfected with 10% povidone-iodine prior to all the invasive procedures. Prior to cordocentesis and CVS procedures, local anesthesia was applied to the abdominal skin along with lidocaine. The cases with Rh incompatibility were given 300 mcg Anti-D IgG post the procedure. All the patients were hospitalized for at least 2 h post each invasive procedure and then discharged. The genetic analysis was performed with a minimum of 500-550 resolutions using the Giemsa trypsin banding method on at least 20 metaphase plates. The cell culture results were obtained within approximately 20-25 days.
SPSS version 20.0 (IBM, Armonk, NY, USA) program was utilized for statistical analyses. While evaluating the study data, descriptive statistical methods, such as ratio, sensitivity, specificity, positive and negative predictive values, and false positive and negative rates, were used. Pearson's Chi-Squared test and Fisher's Exact test were used to compare qualitative data. Odds ratios for each invasive procedure indication were calculated. The results were evaluated in 95% confidence interval at a significance level of p<0.05.
RESULTS
The present study evaluated the test results of 2136 invasive procedures, which included 2014 amniocentesis, 80 cordocentesis, and 42 CVS. The average maternal ages observed in the amniocentesis, cordocentesis, and CVS groups were 27.55±3.74 years, 28.12±4.37 years, and 26.29±5.59 years, respectively. The average gestational weeks at the time of the invasive procedure in the amniocentesis, cordocentesis, and CVS groups were 18.64±1.36 weeks, 23.36±0.95 weeks, and 12.44±0.79 weeks, respectively. In the present study, 2.76% of the invasive procedures (n=59) exhibited no growth in the sample culture, and 1.02% of the procedures (n=22) exhibited maternal contamination ( Table 1) .
The results revealed 101 fetal chromosomal anomalies (4.72%) and 128 fetal chromosomal polymorphisms (5.99%). The most common chromosomal anomaly was trisomy 21 (n=52), followed by trisomy 18 (n=12). The highest chromosomal anomaly rates were observed in the CVS results (33.33%, n=14). All the chromosomal anomalies identified in the results are presented in Table 1 along with their distributions.
In the evaluation of the invasive procedure indications, it was observed that in case of co-ex- istence of "major structural anomaly in the USG" and "screening test positivity", 21.95% of the cases (n=9) presented fetal chromosomal anomaly, while in case of indication "major structural anomaly in the USG" alone, 8.88% of the cases (n=32) presented fetal chromosomal anomaly (Table 2 ). In terms of diagnosis of the fetal chromosomal anomalies, the indication "major structural anomaly in the USG" demonstrated 31.68% sensitivity and 82.03% specificity, the indication "screening test positivity" demonstrated 44.55% sensitivity and 48.25% specificity, and the co-existence of "major structural anomaly in the USG" and "screening test positivity" demonstrated 8.91% sensitivity and 98.24% specificity ( Table 3) . The highest odds ratio (OR) of 5.49 (95% CI: 2.54-11.84) observed in the diagnosis of chromosomal anomaly was obtained with the co-existence of "major structural anomaly in the USG" and "screening test positivity", followed by "major structural anomaly in the USG" with an OR of: 2.11 (95% CI: 1.37-3.27) ( 
DISCUSSION
The present study evaluated the fetal chromosomal anomaly rate in the Thrace Region of Turkey and the correlation between the fetal chromosomal anomalies and the invasive prenatal test indications. The fetal chromosomal anomaly rate was observed to be 4.72%, and the most common fetal chromosomal anomaly identified for the Thrace Region was trisomy 21. The combination of "sonographic major structural fetal anomaly" and "serum screening test positivity" indications for the prenatal invasive procedure demonstrated the highest odds ratio in the diagnosis of fetal chromosomal anomaly.
The widespread use of screening tests and detailed USG examinations has led to an increase in the number of invasive procedures performed. 10 Various studies in Turkey have revealed that 3.3%-4.98% of the pregnant women who underwent invasive procedures received a diagnosis for fetal chromosomal anomalies. [11] [12] [13] Since our institution is the only tertiary center that performs invasive prenatal tests in the Thrace Region, the data from the present study reflect regional statistics. The present study revealed that the Thrace region had 
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Major structural anomaly in the USG 32 (31. a fetal chromosomal anomaly rate of 4.72%, which was similar to the fetal chromosomal anomaly rates reported from the other regional centers. [11] [12] [13] The reason for obtaining a similar rate could be the recent migrations, as it is known that the Thrace Region has lower inbreeding and pregnancy rates compared to the other regions in the country. Moreover, the rates of chromosomal polymorphism, described as the variations at the chromosomal regions known as heterochromatin, obtained in the present study (5.99%) were also observed to be consistent with those reported in the literature. 14 The first trimester combined test including nuchal translucency and biochemical parameters was able to detect 90% of all the trisomy 21 cases, with a false positive rate of 5%. If this test was enhanced by combining it with the other USG parameters (nasal bone, ductus venosus, and tricuspid regurgitation), the detection rate was observed to improve and reached 91%-96%. 15 In the present study, the highest fetal chromosomal anomaly rate was obtained in pregnant women who underwent the CVS (33.33%) procedure; this finding was also consistent with the literature. 4 It is, therefore, proposed that the first-trimester screening tests are efficient in diagnosing fetal aneuploidy and that the major structural anomalies that could be diagnosed in the first trimester are more related to the chromosomal anomalies. Therefore, it would be more convenient to use detailed USG along with the combined test to detect fetal aneuploidy in the first trimester, as stated in the literature as well. 15 It has been reported previously in the literature that the most common indications for amniocentesis were high risk in triple screening test, AMA, and positive USG findings, and that the most common fetal chromosomal anomaly observed was trisomy 21.
12, 13 The present study revealed screening test positivity and major structural anomaly in the USG as the most common invasive procedure indications, while the most common fetal chromosomal anomaly revealed in the present study was trisomy 21. In this context, the results of the present study were consistent with the literature. In the present study, AMA, maternal anxiety, history of pregnancy with the chromosomal anomaly, and maternal or paternal chromosomal diseases were categorized as "other indications". AMA has been rejected as an invasive procedure indication by itself in several centers recently. 16 Our clinic adopted this approach, and lately, AMA has been accepted as a parameter to be used in calculating the risk of aneuploidy in the screening tests only. Therefore, in the present study, AMA was not evaluated as a separate invasive procedure indication. In the present study, 2.76% of the cases presented no growth in the cell culture, and 1.02% of the cases presented maternal contamination; these rates were lower than the rates reported in the literature. 12, 13 As our own laboratories began providing the facility to perform genetic analyses, these rates were observed to decrease in comparison to the rates obtained during the period when such services were provided by external laboratories. It was, therefore, concluded that differences in the environmental conditions and equipment of the facilities where these procedures were performed, the experience of the staff, and the material transport conditions may have affected the culture success.
A study by Saatçi et al. reported that abnormal fetal karyotype was detected in 4.1% of the pregnant women who obtained abnormal screening test results. 13 Another study by Yüce et al. identified fetal chromosomal anomalies in 3.7% of the pregnant women who underwent invasive procedures due to high risk-indicating results obtained in the triple screening test. 11 In the present study as well, fetal chromosomal anomalies were identified in 4.56% of the cases that had received positive screening test results. In this context, the results of the present study were close to the ones reported in the literature. Moreover, when the aforementioned results of the present study were re-analyzed in combination with the USG findings (soft markers or major structural fetal anomalies), lower rates were observed. It was, therefore, concluded that the coexistence of abnormal screening test results and USG findings increased the risk of fetal chromosomal anomaly. Supporting the soft markers with screening tests is important for the prediction of fetal chromosomal anomalies.
Major congenital anomalies occur in approximately 5% of live births. Most of these anomalies have been reported to be detected in the prenatal period. 17 Detailed USG examination aids in determining the underlying genetic etiology of such anomalies. 6 Obstetric USG is used, either alone or in combination with other screening tests, for the screening of fetal chromosomal anomaly. 8 It was reported that the absence of any USG findings related to Down's syndrome decreased the risk of the chromosomal anomaly by 60-80% and that 75% of the fetuses with Down's syndrome received USG findings. 18 Furthermore, the rate of false-positives for Down's syndrome was reported to decrease when the second-trimester screening tests were performed in combination with obstetric USG. 8 In the present study, consistent with the literature, the rate of false-positives obtained with the co-existence of "major structural anomaly in the USG" and "screening test positivity" was observed to be lower compared to the cases in which the aforementioned indications were present alone. A strong association between prenatal USG findings and fetal chromosomal anomalies has been reported by previous studies. 19, 20 A study by Saatçi et al. identified fetal chromosomal anomalies in 10.84% of the cases that received abnormal USG findings. 13 In the present study, consistent with the literature, 8.88% of the cases with a major structural anomaly in the USG presented fetal chromosomal anomaly, and this rate increased to 21.95% when the screening test positivity co-existed with the structural anomaly. In addition to major congenital anomalies, the screening test positivity was observed to increase the risk of the fetal chromosomal anomaly by more than two times. This significant increase revealed a synergistic effect of the screening tests on the occurrence of a chromosomal anomaly. This finding may be useful in the detailed counseling of prospective parents who do not desire to undergo any invasive procedures despite the presence of screening test positivity in addition to the congenital major anomaly. Post counseling and explanations, such parents might reconsider their negative attitude toward invasive procedures. In addition, the highest odds ratio in the diagnosis of a fetal chromosomal anomaly as obtained in the present study was 5.49 (95% CI: 2.54-11.84), and it was obtained in the cases of combination of "screening test positivity" and "major structural anomaly in the USG" indications. The odds ratio value obtained for the "screening test positivity" indication was not statistically significant. The reason underlying this finding could be that in addition to trisomies, other numerical and structural chromosomal anomalies have also been evaluated in the present study. An overall evaluation of the aforementioned findings of the present study indicated that, for the pregnant women with screening test positivity, a detailed fetal USG examination could be able to predict possible chromosomal anomalies. A previous study reported that in fetuses for which an increased nuchal translucency was detected in the first trimester, the odds ratio for observing a structural fetal anomaly in the diagnosis of fetal chromosomal anomaly was 8.15, which was higher than the odds ratio obtained in the results of the present study; the reason for this could be that all the cases in that study demonstrated increased nuchal translucency, unlike the cases in the present study. 21 While the existence of sonographic soft markers has been reported to increase the risk of fetal aneuploidy, the lack of a standardized definition for soft markers and the subjective descriptions lead to critical variations in the aneuploidy detection rates. 7 Benacerraf et al., in their study, examined a pregnant women who had been implemented with amniocentesis, and had fetuses with short femur and humerus. 22 The authors observed that in the group where the risk of trisomy was 1/250, these USG markers had a positive predictive value of 4.56% in the diagnosis of trisomy, and in the group where the risk was 1/1000, PPV was 1.18%. 22 Similar to the aforementioned study, it was observed in the present study that, in the diagnosis of chromosomal anomaly, the PPV for the combination of "soft marker in the USG" and "screening test positivity" indications was higher than the PPV for the soft marker indication alone. Additionally, PPVs obtained in the present study were higher than the values reported in the litera-ture. This difference could have risen as that study used only maternal age and maternal serum alphafetoprotein values in the calculation of risk of trisomy, while the present study utilized all the results of the first and second-trimester screening tests in addition to examining the shortness of extremities along with the evaluation of all soft markers. 22 In the present study, soft marker positivity demonstrated a lower sensitivity value compared to those reported in the literature, which could have occurred because soft markers are generally known to be associated with Down's syndrome, while in the present study, the sensitivity values were calculated for all the numerical and structural chromosomal anomalies. 22 Moreover, in the present study, the co-existence of "soft markers" and "screening test positivity" demonstrated higher sensitivity and specificity values compared to the soft marker and positivity indications when alone. This finding demonstrated that combining the sonographic soft markers with screening tests could serve as a better method for diagnosing aneuploidy.
Prenatal counseling begins with discussing patient's chronic diseases, obstetric history, and personal and family characteristics, and has been associated with reduced physiological distress. 6, 17 Prenatal diagnosis of a fetal anomaly causes emotional stress, sadness, and fear among prospective parents. 17 It is, therefore, essential to provide information to the prospective parents regarding the possible risks, post the evaluation of all risks. Clinicians should counsel pregnant women with a high risk of a fetal genetic anomaly in order to ensure that the prospective parents have a clear understanding of the possible risks involved. Prenatal screening models, including the biochemical and/or USG evaluation of risks, have been reported to be useful in diagnosing chromosomal anomalies. 6 The present study evaluated the relationship between invasive test indications and the results of the fetal chromosomal analysis. Among all the prenatal test indications, the combination of "major fetal anomaly" and "screening test positivity" presented the highest rate of fetal chromosomal anomaly. The rates of chromosomal anomalies for other invasive test indications were also reported in the present study. The findings of the present study may be useful for clinicians in providing detailed counseling to prospective parents as the study provides concrete information regarding the estimated risk of a fetal chromosomal anomaly, which may contribute to reducing anxiety in such parents.
The limitation of the present study was that the investigation of the relationship between chromosomal anomalies and the invasive test indications was performed as a whole without discriminating on the basis of types of chromosomal anomalies. Therefore, the importance of prenatal invasive test indications in the diagnosis of trisomies or other chromosomal abnormalities could not be evaluated separately. The strength of the present study was that the study has reported invasive prenatal test results and prevalence of fetal chromosomal abnormalities in the Thrace Region of Turkey, and also, that it evaluated the efficiency of the invasive test indications in predicting fetal chromosomal anomalies.
CONCLUSION
Fetal chromosomal anomaly rate in the Thrace Region of Turkey as obtained in the present study was 4.72%, which is close to the rates reported in the other centers of the country. This finding could be useful for establishing regional data, and for comparing these data with the chromosomal anomaly rates in other regions. Detailed USG is crucial for the screening of fetal chromosomal anomalies. Pregnant women presenting the combination of "major structural fetal anomaly" and "screening test positivity" indications constituted the group of highest risk in terms of chromosomal anomalies. Evaluating the maternal serum-screening test results in combination with the USG findings increased the rate of diagnosis of possible fetal chromosomal anomalies. Prenatal test indications serve as important directive factors in the prediction of fetal chromosomal anomalies. The results of the present study may be useful in determining predictive risks for chromosomal anomalies. Therefore, these findings may contribute in reducing anxiety and assist them in taking the right decision regarding the invasive procedures.
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